The use in agriculture of excreta from urine-diversion toilets can be an alternative solution to the lack of sanitation and high costs of mineral fertilizers inherent to developing countries. The objective of this study was to evaluate the hygienic quality of urine used as fertilizer through an ecological sanitation system in Ouagadougou peri-urban areas. Chemical and microbiological analyses were performed in urine samples taken before and after thirty (30) days of storage in jerry cans exposed to sunlight. The concentrations of 7.0 g/l; 3.5 and 9.6 g/l of ammonia nitrogen for mean, minimum and maximum respectively, are obtained in unstored urine samples. These concentrations did not practically vary with the storage. On average, values of other chemical parameters analyzed in stored urine were as follows: pH, 8.8; phosphorus (P), 0.3 g/l; potassium (K), 1.9 g/l; total dissolved solids (TDS), 21.0 g/l; cadmium (Cd), 154.3 µg/l; copper (Cu), 5.2 µg/l; lead (Pb), 15.2 µg/l; chromium (Cr), 6.1 µg/l; nickel (Ni), 154.0 µg/l. Escherichia coli, staphylococci, enterococci, Salmonella and spores of Clostridium perfringens were detected in unstored urine samples, with 26% of fecal contamination rate. The time of storage (30 days) under sunlight was enough for almost all bacteria removal in urine samples. Although the fertilizing value of urine was confirmed, it would be important to take account of the best practices on applying in soils, because of the high TDS contents. Also, the risk linked to micropollutants in urine-based fertilizers could be negligible in view of low quantities. The results obtained in this study prove that after 30 days of exposure to sunlight urine collected via eco-toilet becomes bacteriologically sanitized, and can therefore be J. M. Makaya et al. 468 used to fertilize soils. However, it is necessary to demonstrate the inactivation of other groups of enteric microorganisms in human urine during storage.
Introduction
To date, about 2.5 billion individuals in the world have no access to adequate sanitation facilities [1] . The situation is more striking in Sub-Saharan Africa rural and peri-urban areas [2] . However, the resort to eco-toilets in developing countries constitutes an alternative to the lack of sanitation and high costs of mineral fertilizers. As insight, urine-diversion toilet is the most widespread ecological sanitation equipment in the world [3] . It allows by an appropriate technology to separate at the source, urine and faeces in order to be used as fertilizers [4] . Human urine contains nitrogen (N), phosphorus (P) and potassium (K). Its nutrient contribution is also important that mineral fertilizers [5] [6] . Nevertheless, micropollutants such as heavy metals, hormones, pharmaceutical residues and pathogens can be excreted in urine [4] [7] . Urine treatment before its application in soils could be necessary to reduce health and environmental risks due to some contained compounds, especially when urine is collected in large-scale systems [3] . However, available technologies for urine treatment are complex and their costs are commonly considered to be prohibitive [8] . For the ecological sanitation system used in this study, the adopted urine treatment consists in storage in tanks, then exposure to sun for days [9] . Ambient temperature as well as urine intrinsic parameters would contribute to pathogen removal [10] - [12] . It is important to note that Ouagadougou is located in the Sudano-Sahelian climate zone characterized by minimum temperatures of 14˚C -21˚C and 33˚C -42˚C maximum, with a short rainy season (May to October) and a long dry season. The evaporative demand is very high and reaches 1900 mm/year [13] . Sahelian soils of Ouagadougou are relatively poor in organic matter and nutrients (N, P, K) [14] . Arid soils are most affected by salinization [3] [15] .
Many works carried out in Burkina Faso on urine collected from sanitation systems were based on agronomic tests [9] [16] . However, aspects related to the health risks on using excreta-based fertilizers were not deeply studied and thus little documented. The objective of this study was to evaluate the hygienic quality of urine used as fertilizer in large-scale systems in Ouagadougou, Burkina Faso.
Materials and Methods

Study Sites
The ecological sanitation system implemented in peri-urban areas of Ouagadougou in Burkina Faso includes Eco-toilets built mainly in households (about eight hundred), storage sites of excreta after collection and farming sites where urine-based fertilizers are used to produce vegetables (e.g. cabbage, cucumber, lettuce, carrot…). Figure 1 below describes the flow of products in the system, from collection to the valorization in agriculture via the treatment by storage. In this study, we focused on urine, because of large volumes reused.
The eco-toilet (Urine Diversion Dry toilet, UDDT) is made of a device for separating at source, urine and feces. The urine is collected and stored in plastic jerry cans (20 liters) and then exposed to sunlight for 30 days.
For analysis, urine samples were collected from storage sites in the four sectors of Ouagadougou peri-urban areas (Figure 2 ).
Sample Collection and Processing
On sites, punctual sampling was performed in seventy-two (72) urine jerry cans in total, according to the standard method ISO 5667-11. The criterion to include one of jerry can for sampling was the time of filling from an eco-toilet which was between 7 and 14 days. For microbiological analysis, samples were taken in jerry cans before sunlight exposure (unstored samples). After 30 days of exposure, stored urine samples were taken. Samples (200 ml each) were taken aseptically into sterile polyethylene bottles, using a pipet controller. Then, separated urine samples were taken for chemical analyses. For this experiment, a volume of 500 ml of each sample 
UDD Toilet
Use on peri-urban truck farming was collected into Pyrex brand borosilicate glass bottle in order to analyze nitrogen, phosphorus, potassium, total dissolved solids and heavy metals. Two (2) others composite samples (500 ml each) were taken from five urine jerry cans, for steroid hormones analysis. Centrifugated at 3000 g for 15 minutes, these two (2) composite samples were preserved at −20˚C until use. All other samples were preserved at +4˚C for less than 48 hours (microbial analysis) and more (chemical analysis). Sample collection was planned for a period of six (6) months (March-August 2011).
Chemical Analysis
The determination of pH was performed in situ, using a pH-meter WTW 340i (NF T 90 008). TDS concentrations in urine samples were determined by the measures of conductivity made by a conductimeter (WTW 340i) at 25˚C as the reference temperature. Conductivity readings were converted in TDS ones by multiplication to a mathematical factor [17] . Ammonia nitrogen, phosphorus and potassium analyses were performed according to methods described by Rodier et al. [18] . For ammonia nitrogen, distillate obtained from 250 ml urine sample was titrated with 0.1 N sulphuric acid. After mineralization of urine sample in the presence of sulphuric acid and sodium persulfate, then reaction with ammonium molybdate [18] , phosphorus was measured using a molecular absorption spectrophotometer at 655 nm wavelength. Potassium was determined by the flame photometry method, using a photometer (AFP 100) according to the manufacturer's instructions. The concentrations of cadmium (Cd), copper (Cu), lead (Pb), chromium (Cr) and nickel (Ni) in urine samples were determined with an atomic absorption spectrophotometer (Varian SpectrAA-220 FS). The wavelengths used for measurements were between 283.8 nm and 357.9 nm. Steroid hormones (pregnandiol, estrone) were analysed in each centrifugated urine sample, using ELISA method as described by Deng et al. [19] .
Microbial Analysis
For the enumeration of fecal coliforms and Escherichia coli in urine samples, Rapid'E. Coli 2 Agar (Difco) was used according to the standard method (AFNOR BRD 07/1-07/93). Enterococci and staphylococci were respectively enumerated in Slanetz & Bartley Agar (Biokar) and Chapman Agar (Merck), with incubation at 37˚C for 24 -48 h [20] . Salmonella were detected in urine samples by ISO 6579 method, including three steps; preenrichment, enrichment and confirmation in Salmonella-Shigella-SS Agar (Biokar) and Xylose-Lysine-Désox-ycholate-XLD Agar (Biokar) media. The spores of Clostridium perfringens were activated by heat (80˚C for 10 minutes) and enumerated in Tryptone-Sulfite-Neomycine (TSN) Agar (Biokar), according to the standard method (NF V08-061).
Data Analysis
Geometric means, standard deviations, minimum and maximum values were calculated using XLSTAT 2008 statistical software.
Results and Discussion
Chemical Parameters
The results of pH, TDS, ammonia nitrogen, phosphorus and potassium obtained are shown in the Table 1 . In short, mean values of pH found in unstored and stored urine samples are respectively to 8.6 and 8.8. This low variation of pH values can be understandable; in fact urine was already alkaline during collection. It is well known that the main proportion of the nitrogen in urine is excreted as urea, which is transformed into ammonia in the collection tank and which increases the pH to 8.8 -9.0 [4] . Also, the alkaline pH is required to get substantial amount of ammonia in the uncharged state (NH 3 ), which the biocidal effect was previously proved [10] [11]. On comparing data, the concentrations of ammonia nitrogen in all urine samples did not great vary during the treatment by storage. However, as regards one unstored urine sample to other, the results show an important difference between minimum and maximum mean values of concentrations of ammonia nitrogen; 3.5 g/l and 9.6 g/l respectively. Likely, the low concentrations of ammonia nitrogen obtained, those corresponding to minimum values were due to the water additional in tank collection during the use of eco-toilets. Since, according to the technique used to collect the urine, it is clear that nitrogen losses by volatilization [21] should not be as important. Indeed, the collection of urine was made by diverting through a PVC pipe (polyvinylchloride). Adding wa- ter in urine collection tanks, shows a bad use of any eco-toilets. Our observations corroborate these done by authors [4] [10] [22] . Also, the fact to keep urine in closed jerry cans may explain the almost constant concentrations of ammonia nitrogen during storage. This indicates the possibility of recovering nutrients in urine based-fertilizer after storage treatment. Indeed, 7 g/l, 0.3 g/l and 1.9 g/l for nitrogen, phosphorus and potassium respectively were the mean values of concentrations obtained in stored urine (for 30 days). These results confirm the fertilizing potential of human urine [4] [5] [16] . On average, 21 g/l was the concentration of TDS obtained in stored urine samples, with 12.5 g/l and 41.6 g/l as the extreme values. The concentrations of TDS are very high compared to the allowed limit values (0.5 -2 g/l) for the discharge of the effluents in soils [3] . It is already known that the accumulation of salts damage soils. That is why it is recommended to dilute urine-based fertilizer before application and more irrigation in order to limit the harmful effects of salinity [3] .
The results of the analysis of heavy metals and steroid hormones in stored urine are represented in the Table  2 .
The concentrations of cadmium (Cd), copper (Cu), lead (Pb), chromium (Cr) and nickel (Ni) in stored urine were on average to 154.3 g/l, 5.2 g/l, 15.2 g/l, 6.1 g/l and 154 g/l respectively. Unlike the Cu and Cr, levels of Cd, Pb and Ni obtained are higher than those in pure urine according [3] . Except the cadmium, concentrations of other heavy metals in stored urine samples are lower than these contained in faeces (Cd = 62; Cr = 122; Cu = 6667; Pb = 122; Ni = 450 mg/kg) [3] . In view of our results, it is possible that urine analyzed were contaminated at the source, which may explain the high levels of heavy metals, especially the cadmium. It should be noted that the levels of heavy metals in human excreta are related to the food consumption. Vegetables eaten raw often have high levels of heavy metals; the main sources known are soils and organic fertilizers [23] [24] . Based on our results, the use of urine-based fertilizer does not represent a potential risk linked to heavy metals, since their contents are less than the allowable values of irrigated water in Burkina Faso [25] . The immunochemical method (ELISA) used to analyze steroid hormones in urine samples, allowed to obtain concentrations such as <100 µg/l and 9 µg/l for pregnandiol and estrone respectively.
These values are superior to the detection limit of 0.5 ng/l, for analyzing environmental samples [19] . In the absence of regulation on the occurrence of steroid hormones in effluents, it is difficult to compare our results to others. However, the rapid degradation of hormones in soils has been demonstrated [26] - [28] . To this end, the ecotoxicological risk due to hormones in the urine-based fertilizers would be negligible. The extension of the analysis in stored urine to pharmaceutical residues including synthetic hormones and other endocrine disrupting compounds is desirable.
Microbial Analysis
The results of bacteriological analysis in unstored and stored urine samples are indicated in the Table 3 .
Bacterial analysis in unstored urine concerned samples from jerry cans which the filling time was between 7 and 14 days. Note that the sampling of urine collected from eco-toilets was planned on time (March to August) from one site to another, following this order S17, S19, S30, S27. Looking on the bacterial indicators such as fecal coliforms, Escherichia coli, enterococci, the contamination rates in unstored urine from each site are as follows: 4.2% (S17), 12.5% (S19), 23.5% (S30) and 63.2% (S27). Taking into account all unstored urine samples analyzed, we obtained on average 26% of contamination rate by fecal indicators.
The results show that on average the highest contamination rate was obtained in urine from site 27 (63.2%), whereas the samples of the site 17 gave the lowest contamination rate (4.2%). Based on that, we can argue that the urine collected from eco-toilets can be contaminated by enteric microorganisms. These observations corroborate those reported by the authors [4] [22] . Possible sources of urine contamination during uses of ecotoilets are faeces and environment through contaminated soil and water. To explain the low bacterial contamination rates and quantities, it is likely that the sanitation urine began in the collection tanks before storage under the combined effects of intrinsic (pH, ammonia of urine) and extrinsic (temperature) parameters. Also, significant differences on contamination rates observed (4% -63%) could be due to a seasonal factor (influence of the ambient temperature), since the urine collection on sites S17, S19, S30 took place in dry-hot season (March -June) while the urine collection on site S27 site has occurred during the wet season (June -August). Note that in the study area, the above two seasons are respectively showed by high (40˚C) and moderate (30˚C) temperatures. After 30 days of urine storage in jerry cans exposed to sunlight, the results were such that the limit of detection (0 CFU/ml) was obtained for all bacteria counted before treatment by storage, except the spores of Clostridium perfringens. Considering the results obtained in urine samples from site (S27), the concentrations of fecal coliforms (960 CFU/ml), Escherichia coli (120 CFU/ml), staphylococci (708 CFU/ml), enterococci (2040 CFU/ml), spores of Clostridium perfringens (490 CFU/ml) in unstored urine become zeros after 30 days of storage, except those of spores of C. perfringens (100 CFU/ml). Storage conditions are to consider for the removal of enteric pathogens in urine-based fertilizers [10] - [12] . Also, apart of the time of urine storage, our analyses do not allow us to evaluate accurately determinant parameters to sanitize urine by storage.
Conclusion
This study showed that the treatment by storage enables removing bacteria and recovering nutrients contained in urine for reuse in agriculture. Although the fertilizing value of urine has been confirmed in view of amounts of nitrogen, phosphorus, potassium, however, it is important to comply with the best practices of their application in soils, to avoid the accumulation of salts due to the very high concentrations of TDS. The levels of heavy metals in urine-based fertilizers are low, below the tolerable values in wastewater, thereby risks linked to heavy metals in urine seem negligible. Fecal contaminations in urine are possible during collections from eco-toilets, so urine can contain in addition to bacteria, other enteric organisms (e.g. viruses, protozoa), for which it would be desirable to evaluate the survival potential in urine. 
